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ABSTRACT 


This report .describes the developtnent of an assembly pirogramming 
system for the Trombay Digital Computer TDC-12. The essential features 
of the TDC-12 Assembly Language TAL. are symbolic and self relative addressinj 
system, data declaration psuedo-qperations for decimal and octal data, 
items, text facility, and storage assignment psuedo-ope rations. The TAL 
assembler makes two passes through a source program written in language 
TAL and translates it into machine language of the TDC-12. The TAL assemblei 
has itself been written in the language TAI.. Machine language version of th^ 
TAL assombler was produced by another assembler written in IBM 7044 MAP 
language. A scheme which will permit inclusion of user defined Macros, 
in the present frauBwork of the assembler, is given. 
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CHiff>T.ER ONE 
INTRODUCnOK 


The last few years have seen a phenonaenal and continue advance In 
the computer technology. Improved and more efficient computers, which are 
much better equipped to handle problems of ever increasing complexity, are 
replacing the old computers. A problem created by these rapid advances 
in hardware design is that computers tend to become obsolete in a very shord: 
time. To get the maximum use cut of the computer it is necessary therefore 
that the computer be put to use imnediately after the hardware is ready. 

Proper utilization of a computer requires extensive software facilities. 

Since software development takes considerable time, some software must be 
developed in advance. The best thing to do is to start writing software 
as soon as the computer specifications have been laid down. 

The extent to which the software should be developed in advance, ! 

depends on the particular machine and the type of application for which 
it is intended. For instance a large scale general purpose computer system 
operating in a university would require a comprehensive set of compilers 
compatible with other computer systems, On the other hand a computer used 
for process control in a petro-chemical complex will normally have a set 
of programmes designed specifically for the installation. 

The Trombay Digital Computer (called TDC-IS) is intended to be 
a small scale computer system with real time application capabilities. 

The random access core memory holds 4096 12-bit words with a cycle time of 
1.5 micro- seconds. The system provides for program interruptions as 
functions of input output device conditions on a priority basis. Data transfer 



between input-output devices and core me-mory can be initiated by means of 
data interrupt facility. Upto twelve devices can be connected to an 
input-output bus. However only two teletype units will initially be linked. 
The device selection and data transfer for the devices attached to this 
bus is co’npletely under program control. The instruction set consists of 
twelve storage reference instructions and three hon-stbrage reference 
instructions which can be microprogrammed to produce a large variety of 
instructions.' 

As the computer is intended for real time data acquisition and 
process control applications, and because it has a small memory capacity, 
sophisticated compilers and general purpose languages are not really 
necessary. A simple algebraic compiler permitting easy programming of 
data acquisition algorithms in a real time environment and an assembly 
programming system would be adequa'te. Process control systems, are 
normlly sppcific to the installation and are meant for long term 
applications, so they must utilise the mschine efficiently. Most of these 
software systems are therefore written in the assembly language. 

This fepbft iraces the develqpmont of an assembly programming 


system for -the TDC-12, 



CH/J’TSR TWO 


BW3I0PMEI'-]T OF SOFTVJiiaS FOR A RW COMPUTER SYSTEM 
2.1 MirA'mm Software; The A s sembler 

The software for a Ttiodern computer system consists of translators, 
interpreters, supervisory systems, input output routines, a library of 
general purpose subroutines and many other things. Most of these systems 
are very much machine dependent and since they are used so often, they must 
make efficient use of the machine. To write these systems, therefore, 
there is a need for a language which will give the ability to express any 
machine langua.ge algorithm and yet be simple enough to relieve the programmer; 
of the tedious task of machine language programming, assembly languages 
are, in general, meant to serve precisely this purpose. 

A statement in an assembly language program is essentially a machine 
instruction expressed symbolically. The numeric operation code is replaced 
by a suitable nemonic which is easy to remember. The address portion of 
the instruction is also expressed symbolically. The symbol in the address 
portion is associated with the instruction or data to which it is supposed 
to refer* The numeric equivalent of this symbol is the location in which 
this instruction or data is to be placed. To further simplify the job of 
the programmer, data declaration facilities may also be Included in the 
assembly language. The asss'-nbly program then assigns storage locations, 
translates operation codes, evaluates addresses, ’assembles' the operation 
code and address, interpret es data, and produces a machine version of the 
symbolic program. 

Assembly language programming systems form the core of even the 



most sophisticated computer software systems. The first step in the devel- 
opment of software for a new computer is, therefore, to write an assemb3y 
language programming .system. In what language should the assemb3y system 
itself be written? The same considerations that are applicable to other 
software systems, apply to the assembly system also. The assembly system 

. ' r ti'GXG;.:,: 

should, therefore, be written in’ assembly language or in other words, 

its ovm language. This has other advantages too. The writing of an assembly ; 

system in its own language provides valuable feeback for its own design. 

Once an initial version is operating, improvements can be made by a basic 
■"bootstrap technique. The next section in this chapter discusses various methoc 
for obtaining a machine version of an assembler for a computer which is not 
yet operation. 

2.2 Methodfi lOf Writing an Assembler for a Now Computer 

.StS 5 .‘a,'WSjl‘Qpi ng aH'BTSsembler forma new computer can bo 
handled in two ways. The first uses a bootstrap technique and the other makes 
use of the software facilities offered by existing computers. 

2,.. 2.1 First M^tw-od . ; 

In this method that uses a bootstrap technique, a series of assemblers, 
each obtained by modifying the previous version to accept source programs 
in an upgraded assembly langu^rge, are written. The various steps are 
explained below: 

1. Choose a minimum assembly language, which though miinimal 
in. the sense of complexity is sufficient to describe the symbolic version 
of any machine language program. 


2 . 


Write an assembler in the minimum assembly language which will 



translate ar^ source prograTri written in the r’iniir'uw assembly language into 
the nia chine language, 

.3, Hand, translate this mini'^’Tt assembler into the machine 
language. 

4, Modify the assembler written in •minimum assembly language to 
accept a source program written in a second level of assembly -.language.' 
Note that the assembler itself remains in first level language only, 

5. Translate the now asseimbler using the earlier executable 
assembler to obtain an executable version of the modified assembler. 

Before applying step four we had a source language as well as 
machine language version of the minl'mum assembler. After completing the 
step five we get a source language as well as machine language version of 
an upgraded assembler to accept source programs written in a higher level 
assembly language4 Successive applications of steps four and five can, 

therefore^ be used to obtain a source language and machine language pair of 
assemblers which would translate source programs written in an assembly 
language of any desired coT»^loxityi 
2.2,2 Second Method 

This method, which makes use of the facilities offered by existing 
conputors, can be stated as follows: 

1. Write the assembler in the assembly language of the new 
computer. Ti'iis .asse’mbler accepts source programs written in assembly 
language and translates them into machine langua,ge of the now co-mputeri 

2. Write another assembler in a language which can be executed 
on soma available cbiiputer. input- output, lang-;aage pair for this assembler 



is again tiis assembly- language and Tuachine language of the ne^^^ oonputer* 

3. Execute the assembler written in step two with assembler of 
step one as input. Output will be the •ma.chine version of the assembler 
for the new co-mputer. This assembler can be directly executed on the new 
computer. 

g.g.3 Comparison between the Two Methods 

The bootstrap technique has two major disadvantages, since assembly 
languages are very low level languages, in general, there may not be any 
appreciable difference in a Animal assembly language and its final version. 
This would require hand translation of an entire assembler. The task of 
machine language coding is very tedious. The other disadvantage comes from 
the fact that execution of minimal and intermediate assemblers requires 
existence of the cor^uter. If software should be completed before the compute] 
is ready, a simulator on an existing computer is necessary. Since software 
for the TDG-12 should be ready before thehardware becomes operational, a 
simulator on an existing coi^uter is necessary to adopt the bootvstrap technique 
Simulators though -useful for debugging puiposes, are not economical for 
production runs because of their inherent inefficient nature. 

In the second method, utilization of powerful fhcilities offered 
by ejdstlng computers simplifies the work a great deal. Wo manual translation! 
into machine language is required and the machine la.nguage version can be 
produced -without the existence of the new computer or a si-mulator. The -task 
of writing the assembler version to operate on an existing compu.ter is I 

simplified if it has extensive software. Good inpub-output facilities can 
make the process of deb-ugging much easier. 



To develop an asse’i’bler for TDC-12 it was decided to ^ake use of 
the poworful facilities offered by IBM 7044; In assembler (called T/iL44) 
which would accept TDG-12 AssembUy Langtage (called TIL) programs as its 
input and produce TDC~12 Machine language version of these programs was 
written in IBM 7044 M/iP language. The ii^ut to TT.L44 v;as an assembly program 
written in TAL, which would accept a source program in TAI. and produce a 
corresponding TDC-12 machine language program. The output from TAL44 was a 

machine language translation of the TAL assembler. Since the assembler had 
to be debugged and also since there was an expectation that hardware design 
could be baaed on the experience of the software man, a simulator for TDG-12 
was written on IBM 7044. The assembler has boon thoroughly debugged. 



CHilPT^l THRS5 

TDC-lg ASS3:f3lI UNGSJAGE TAL 

5.1 Int ro duction 

Coding in •niachinG languago is a tedicnis and tiire consuming job. Ono 
of the efforts in simplifying the job is the assembly lang^uage. For the most 
part, an assembly language is similar in structure to machinB language, but 
with mnemonic symbol substituted for each of the binary instruction. codes 
and programmer symbols for the other fields of an instruction. It may also 
have various added features. Among those features might be a set of psuedor- 
operations to expand the programming facilities of machine language. Thus, 
the programmer has available through an assembly program language all of the 
flexibility and versatility of machine language, plus facilities that 
greatly reduce machine language programming efforts. 

3.2 TAL Features 

The use of symbolic names in TAL m^ke a program independent of actual! 
machine locations. Programs and routines written in TAL can be relocated 
and combined as desired. Routines within a program can be written indepen- ! 
dently w^ith no loss of efficiency in the final parogram. %mibolic instruction^ 
may be added or deleted without reassigning the storage addresses. | 

5.2.1 Operations 

The TAL provides the user with all of the TDG-12 machine operations, | 
as well as an extensive set of psuedo operations. In TAL machine operation | 
codes are eaqaressed in their mnemonic form. A psuedo operation is any | 

operation included in the TAL that is not an actual TDG-12 machine operation, I 
There are two location counter, four data generation, one storage allocation, ! 



ono symbol definition, and two other niscellaneous psuedo-operations in TAL, 


3.2.2 Location Counter 

During assembly a location counter is used to determine the next 
location to be assigned to an instruction. For each machine instruction 
processed by the assembler, the value of the location counter at that time 
is increased by one. Certain psuedo-operations may result in no increase at 
all, ’-diereas others may result in an increase of more than one. The location 
counter is initially set to zero. Using location counter psuedo-cperations 
a programmer may reset the location counter according to his needs. 

The location coimter psuedo-operations ena.ble the programmer to put 
together vailous sections of the program that might have been written 
separately, in the order he wants. 

5.3 Structure of the TAL 

A programme in TAL consists of a series of symbolic instructions, 
last of which must be the psuedo- operation END. 

5.5.1 Symbolic Instructions in TAL 

A symbolic instruction consists of the following three parts; 

1. The Name Field, vhich may contain a name by which other 
instructions can refer to the instmction named. In mnemonic instructions, 
use of this field is optional, and it may be left blank. Specific name 
field req^uirements for each of the psuedo-instructions are given later. 

2. The Operation Field, which contains the mnemonic machine 
operation code or psuedo-qperation code. A blank operation field results in 
an error. An asterisk (*) may appear in the operation field immediately 




to the right of the last character of a inachine operation code. The presence 
of this character indicates that the operation is indirectly addressed, 
and the assembler inserts the appropriate bit into the word. Indirect 
addressing is permitted only Kith storage reference machine instructions.* 

3. The Variable Field, which contains the necessary address 
portion of the storage reference machine instiaiction, or is left blank in the 
case of non-storage reference machine instructions. For a psuedo-instruction 
it contains ■whatever is specified for that psuedo-instruction, 

4. The Gcm’T^en.ts Field, which is used for. e3q)la.na.tory re'ma.rksj 
it exists solely for the convenience of the programmer and does not effect 
execution of -the program. 

3,5,2 Symbolic Instruction Format 

Symbolic instructions are typed one per line,, /i line feed marks 
the beginning of a now line and carriage return end of the current line. 
Following format applies for various fields. 

The name field is five characters lorg. If name field contains 
a symbol it must be left justified.- 

Sixth character is always blank, except in the case of a remarks 
line with an asterisk (*) in first column,- 

Tho operation field begins at seventh character and is fi-ve characters 

long. 

Twelfth character is always blank except in 'the remarks line wi'th an 
asterisk (^) in the first column* 



Variable field beings at thirteenth character and is terrninated by 
tho first blank except in the case of psuedo-instruction BGI. 

The cowTtients field follows the variable field. It imst be preceded 
by at least one blank' to separate it from the variable field. In tho absence 
of variable field the comments field may not begin before the fourteenth 
charactorc 

5.5.5 Re-marks 

In asterisk (*) as first character in the line and any desired 
information in the rest of the line constitute a remark. Remarks are 
completely ignored by the assembler, 

5; 5.4 Symbols 

A S3rmbol is a sequence of from one to five characters, first of vAiich : 
is an upper-case letter of the Snglish alphabet. Each of the other 
characters, if ary, may be an upper-case letter of English alphabet or a digit; 

Symbols are defined by their appearance in the name field of an 
instruction and the value assigned is the address of the instiniction in which ; 
they appear. Symbols may be assigned values by the programmer usisag the 
symbol definition psuedo-operation EQU, I 

5.5.5 Deciiiial Integer 

A decimal integer is a string of digits, from 0 through 9, which 
may be preceded by a plus or minus sign. The decl'mal integer in Till must 
be in the range -2047, 2047. 

5.5.6 Octal Integer 

Same as Octal except that digits can only be from 0 through 7, 



3»3.7 Address 


Once an Instruction has been named by the presence of a symbol in 
the name field, it is possible for other instructions to refer to that 
instruction using that symbol. 

An address in TAL may take one of the following forms: 

1. signed or unsigned decimal integer. 

2. A symbol which may be followed by a signed decimal 
integer constant* 

3t An asterisk (^) Uhich may be followed by a signed 
decimal integer constant. 

The asterisk {^) in address portion stands for the location of the 
instruction in which it appears. Thus, it will have different values in 
different instructions, 

•5,4 Machine Instructions 

Following are the storage reference machine instructions, which can 
bo indirectly addressed and which have an address portion: 


AND 

XOR 

LAC 

SAC 

ADD 

SUB 

RAD 

ISZ 

JMP 

JMS 

CAS 

XCT. 



Folio wring are the 

non- 

-storage reference machine 

instructions: 



NOP 

CLA 

CLC 

CAR 

CAL 

CTR 

CTL 

CMC 

GMA 

I AC 

CIA 

STA 

ORS 

SKP 

SKC 

SZG 

SZA 

SNA 

SMA 

SPA 

STP 

lOF 

ION 

SMK 

SMON 

KSF 

KCG 

KRS 

KRB 

KSP 

KGS 

KRC 

KRP 

TSF 

TCF 

TPC 

TI.S 

TSP 

TCP 

TPS 

TLC. 



The non-storage reference machine instructions can neither be 
indirectly addressed nor can they have address portion. 

3.4,1 Rules for Assembly of Machine Instructions 

The assembly of ma, chine operations involves the 



following functions; 

1. If there is a symbol in the nante field, this symbol is given 
the value of the next location to be assigned by the assembler 
when the instruction is encountered. 

2. The operation code is translated into a 12 bit binary 
instruction word. 

3. If direct addressing is specified and allowed the appropriate 
bit is inserted. 

4. If an address is present in variable field, it is evaluated.. 

If the address refers to memoiy sector zero it is left as such. 
If it does not refer to sector zero a one is inserted in the 
sector bit of n^chine instruction and a cortparison is made 
between the memory sectoiy in idiich the instruction is located 
and the memory sector to which the address refers. If they are 
not same an error message is t3rped out. The rightmost six bits 
of 12 bit address form the relative address in the sector. 

5. The instruction with indirect addressing and sector bits 
already set in combined with relative address in the sector 
by a logical OR operation. 

6. ^he 12 bit instruction that results is assigned to next 
location to be assigned by the assembler. 

5.5 T jjL P suedo~Op era ti ons 

L psuedo-operation mj-^t be defined as any operation available in 
TAL that is not an actual machine operation. Psuedo-ope rati ons are used to 
provide Information to the assembler for assignment of core storage to 
various program and data sections b7 the programmer for data definitions 



for sp,;cif 7 ing end of the program, and for remarks. 

5.5.1, Dat a Generation Psuedo-Onerations 

The data generation psuedo- operations are used to enter words of data 

into the program during the assembly. The data, might be in the form of 
decimal constant, octal constant, characters, or an address. 

These psuedo-opcodes my be entered ary whero in the program. Areas 
for thesG psuedo-opcodes are automatically assigned core storage locations 
in the order in which they appear. 

OCT: The psuedo-operation OCT is used to enter binary data, expressed in the 
octal form into a program. Variable field contains an octal integer, 
which is converted to a binary word. This word is assigned a location 
analogous to machine instructions. If there is a symbol in the name : 
field it is assigned to the word in which data is stored. 

DSC: Same as OCT except that there is a decimal constant in the variable l 

field. 

DSA: The psuedo-operation DSA is used to enter an address as ore word into ! 
the program,. Variable field contains an address which is evaluated as 
a IS bit binary word. The word is assigned location analogous to machine! 

j, 

instructions. If there is a symbol in the name field it is assigned 
to the word in which the address is stored, | 

BCI: The psuedo-opcode BCI is ijised to generate a contiguous string of data ; 
words containing one character binary representation per word, first i 
item in the variable field is a decimal constant specifying number of j 

words to be generated. The docimal constant is followed by a blank ! 


v/nicn in turn is followed by the string of characters to be assembled. 

L symbol in the location field is optional, if present, it is assigned 
the location of first word, 

5.5.2 Storage Allocation Psi u :-do-Onerations 

BSS: Tills psuedo-operation is used to reserve core storage areas as data 
storage areas or work areas. BSS perforv-s two functions: 

1. A block of consecutive storage locations is reserved. The number* 
of locations reserved is the value of decimal constant in the 
variable field? the location of the block is determined by the 
value of the current location counter when the BSS is encountered* 

2. if there is a symbol in the name field, it is assigned to the 
first location of the block reserved. 

5.5.5 Location Counter Psuedo-Operation 

Location counter psuedo-operntions are used to redefine the va,luo of > 
location counter, 

ORG: The effect of this instruction is to reset the location counter to the 

t 

value of the address in the variable field. The next instruction to be 
assembled will then be assigned to the new origin. If there is a symbol 
in tho address it must have been defined earlier. A symbol in the 
name field is optional? if present, \irlll be assigned the value of the 
new origin. 

OGS: If location counter is not at the first location of a memory sector 

(in which case OGS has no effect) the location counter is reset to the 
first location of the next memory sector. If there is a symbol in the 
name field it is defined as the new origin. Variable field is absent. 



5.5»4 Syrribol Definition Fsuedo-Operation 

EQU: Tho SQU psuedo- opera ti on is used to assign to a syrobol a value other 
timn that of the value of the location counter in control when the 
symbol is encountered. The value assigned to the symbol is the value 
of tho address in the variable field. If address contains a syirbol it 
must have been defined earlier. 

5.5.5 Miscellaneous Psuedo-Cnerations 

REM: Treats the line as 'remark and is ignored by the assembler. 

END: The END psuedo-operation is used to signal the end of the symbolic 

deck. The effect of this operation is to terminate tho assembly. The 
variable field tnay contain an address, which defines the locati.on where 
program execution starts. If the variable field is loft blank, zero 
is assumed, 

5.6 Error Messages 

The source program is checked for following errors; 

Srror 1; Sirmbol multiply defined. 

Aeeor 2; Illegal constant 

Error 5; • Symbol undefined 

Error 4: Address in machine instruction does not refer to the sector zero 
or the sector in which instruction is located. 

Error 5; ^nnbol table full 

An illegal character In the symbol will be detected as Error 2- 



CH/iPTSR FOUR 


THE T/i, ASSEMBLY PROGRAM 
4.1 How does an asseTnbler wo :ric? 

The specifications laid down for the language TAI. require that the 
TAL assembler be capable of perforiring the following Tnajor functions; 

1. Read and identify constants and symbols. 

2. Supply actual operation codes for the syrnbolic Tnachine 
instructions. 

3. Allocate storage to the object prograra 

4. Convert numbers from deciml and octal systems to binary 

5. Build and search symbol table 

6. COTrpute values of the address portions involving symbols 
and constants 

7. Assemble related partial words into full words for output. ' 

The symbolic instructions are sequentially supplied to the assembler. ; 
Each machine instruction and data word can be assigned an object time 
storage location during this sequential processing. Storage allocation in 
the case of certain psuedo-instructions is, however, a function of the 
value of the sjonbols appearing in the variable fields of these instructions* 

In order that storage allocation may be completed in one sequential examinatioh 
of the source program, the limitation has been laid in the language TAL that 
all such symbols must have been defined previously. Note however, an attempt 
to evaluate the address portion of the instruction simultaneous with storage 
location my not be successful. This is because address portion may contain 
symbols which have not been defined as yet. 



The assembly reqioiras scanning of the source deck one or more 
times. The assembler is referred to as an ’n* pass assembler if the number 
of scans required is n. Following is a discussion of a one pass and a two pas 
assemblers. 

One pass assembler: /iSsemble and write in object deck those 
instructions which eithef' do not have an address portion or whose address 
portion can be evaluated simultaneous with storage allocation. For those 
instructions which can not be assembled at this time, information about 
their object time storage location, operation code, symbolic reference, and 
the constant in address portion is saved in a table. These instructions i 
can be assembled after the whole source program has been ejcamined once and ^ 
storage allocation completed. This is a one pass solution. 

Two pass assembler: One sequential examination of the source prog3ra,m | 
allocates storage for each instruction and datai and defines all the symbols 
in the name fields. During a second pass through the source program, the 
machine instructions are assembled and data generated. 

Several pass assemblers: Big sophisticated couputer systems have I 
several pass assemblers and delegate a tiajor portion of the assembly to the 
loader. Thse assemblers provide facilities such as relocatable object j 

programs, externally defined symbols, standard l/O macros, macros for 
subroutine linkages etc. 

The one pass solution, though efficient in certain sense requires 
a large memory capacity on two accounts. Or.e, for table of unassembled 
instructions and two, for the complicated programs to deal with a complex 



pa.3 solution did not see. feasible and a tuo pass solution „as, therefore, 
the only choice for the T/iI, asseinbler. 

4.2 Pass One^ Storage /illoc,-^ti nn 

Purpose Of the first pass is to assign storage to eaoh «ohina 

instruction and data uord, and thereby define all sjnsbols appearing In the 

mine fields. i two state switch called PASS is so+ -hr. ■ ^ 

oirrcu is set to indicate that control 

is in the hands of routine PASSl. I-iitianv -> 

^^obi. initially, the location counter is set 

to the first location that iwin be available to tho oKu- 

avciiaoie TO the object program at executio 

tiue. Then a syaboUo statement is read. fe«rk cards are ignored. They 
eyr>bolic opers.tion code in the state.ant is ocpared against those in the 
psuedo-operatlon table. If it is a psuedo-oparation control is transferred 
to the appr^riate rortlne that will analyse this psuedo-operatlon. If the 
symbolic operation is not a psuedc-operatlon it is assumed to be a moMne 
instruction. If there is any symbol in the name field, a search is rrrde 
through the symbols defined earlier. In case the symbol has a>sady been 
defined an error reasage is typed out. If no error, the symbol along with 
the value of the location counter is entered In the symbol table. The looatlo, 
counter is Incremented by on= and another card read. The process continues 
until an END psuedcvoperation is encountered. Pass one is terminated and 
control returns to the oallii® program. Eaoh psuedo-operation requires a 
special action to be taken during pass one. OCT, DEC, and DSi are processed 
Similar to the machine instructions. In the case of BOI and BSS psuedo- 
operatlons during pass one, the only concern is the number of words of 
storage required and the definition of any symbol appearlr^ in the name field. 
First, the symbol is defined and then the variable field is processed to 
determine the mmher of words to be reserved. The location counter is 



incremented by tlus amount. In case of ORG^ the variable field is evaluated 
and the location counter is reset to its new value. Jf there is a symbol 
in the na,me field, it is assigned the new value of the location counter* OBS 
is processed similar to ORG, except that there is no variable field in this 
case and the new value of the location counter is a function of the previous 
value, EQU does not effect the location counter. The symbol in the rame field 
is assigned the value of the address in the variable field. Finally the 
EhD p sued o- operation terminates pass one and returns control to the calling 
program. (See the flow charts) 

4.5 Pass Two. Assembly 

When all the symbols have been defined by pass one, it is possible 
to finish the assembly by processing each symbolic instruction in order, 
and determining values for its operation code and for its variable field. 

The purpose of pass two is to evaluate the operation code and address 
portion of each machine instruction, to assemble the binary machine word, 
and to output this binary word in the object deck. For data genera.tion 
psjledo-operations, the data, must first be converted into its binary equivalent 
and then output into the object deck. The basic procedure is similar to 
pass one although pass two is much more complicated than pass one. 

To begin with switch P/iSS is set to indicate the second pass. Location 
counter is again set to the first location that will be available to the 
object program during execution timo, A symbolic statement is now read. 

If the statement refers to a psue do-operation, an appropriate routine that 
will analyse this psuedo-operation is entered. The symbolic operation, if 
not a psuedo-operation, is assumed to be a machine instructionj and its 



value is evaluated by coTrpari.ng it to the entries in the machine instructions 
tables If the symbolic operation is not found in this table, an error 
nmessage is typed out ahd the value of operation code is assurtBd to be zero* 
After having evaluated the operation code, the variable field is processed. 
The variable field may either be blank or contain an address. If the 
variable field is not blank, the address is evaluated. 2cro address is 
assumed for the blank variable field, -Now the address is checked to see 
which sector it refers to. If it refers to sector zero, sector bit is set 
to zero and address left unaltered, if it does not, then the sector bit is 
set to one and the sector number of the address is cotrpared with the sector 
numbor to vhich location counter is set. If both are not same an error 
message is typed out. The sector number is removed from the address 
portion and operation code, sector bit, and truncated address are all 
combined by a 'logical ‘OR’ operation to form one 12-bit machine word. The 
machine word is output into the object deck. The location counter is 
increased by one and the ne>rb statement is read. The process continues 
until psuedo-operation UND is encountered. 

The psuedo-operations are handled as special cases, as they were in 
pass one, by transferring control to a special routine associated with each 
psuedo-operation. These roi’ nines re-enter the control routine of pass two at 
strategic points. All the psuedo-operations, uith the exception of EQU, 
require the repetition of all the tasks performed in pass one (except 
symbol definition) for their processing. In addition, data generation 
psuedo-operations require assembling data in the binary form and including 
these data words into the object deck. The DSC, OCT, and pSA are handled 
alike except that evaluation of data word in each case is different. OGT 



contains an octal constant, DEC contains a deciwal constant, and DSl T?ay 
contain a relative address. Processing for BCI is slightly different in 
that it vay generate wore than one data words. EQU psuedo~ operation is ignored. 
Finally, when EM) is encountered the address field is evaluated, entered into 
object deck as entiy point for the object progra.m, and pass two terminated, 

4.4 Structure of the TAL Assembler 

The subroutines and tables that constitute the assembly program Tll. 
have been divided into the following four groups: 

1. Control Routines: these determine the logic of the assembly 

operation, 

2 . Functional Subroutinosi these perform the major functions of 

the assombler like punching object program, 
assigning value to a symbol, and evaluating 
the address portion* 

3. Utility Subroutines: these include input-output routines, data 

conversion routines, a general table search 
routine, and an error message routine. 

4. Assembler Tables: this group includes machine instructions 

table, psuodo-operations table, and symbol 
table. 

In the structural hierarchy at the top are the control routines, 
then the functional routines followed by utility routines. Tables can be 
referred to b7 any routines but can be manipulated only by utility routines. 

As would be evident the assembler is highly modular in structure. Jach 
subroutine performs a specific function. All the subroutines are independent 




as much as possible and obey a nnifonn set of conventions regarding inter- 
coramimicntion and inteisction. This modula.r approach reduces programming 
efforts and fnakes it easy to cope mth additions and modifications. 

4.4.1 Control ’Roatines 

There are two naj or routines, PASS 1 and PASS 2, which, as the name 
suggests control the assembly process during both the passes. A third group 
that contains one routine for each psuedo-opera,tion, is used to process 
psuedo-operations. Although these routines have been separated out for 
the sake of clarity, they are an integral part of the routines PASS 1 and PASS 
2 , and coTnTnunicate with them at strategic points. Sach psuedo-operation 
has one entry in the psuedo-operations table. The 'value’ of the entry is 
the address of the routine associated with it. 'Whenever a psuedo-operation 
is encountered the corresponding routine is entered. In processing the 
psuedo-operations, these routines make use of a one word switch, called 
PASS, which tells them whether entry is from PASS 1 or PASS 2. The switch 
PASS is located in the sector zero, and is set to zero by PASS 1. PASS 2 
sots the switch to one. Since almost every psuedo-operation processing 
routine performs mary functions common to both passes, this structuring 
reduces the amount of coding. Also in this structure adding new psuedo- 
operations is extremely simple. To add a new psuedo-operation one has 
to make an entry into the table and include a routine to process this 
psuedo-operation. No other portions are effected. All the major functions 
of the assembly are performed using the functional and utility subroutines. 
The only exceptions are the manipulation of the location counter and 
assembling of various portions of a machine instruction. A rather snail 



number of instructions is incorporated perform these functions. 

Location counter is located in the sector zero, with the name IC. 
iho concents of LC can be used by all the routines but can be mafiipulated 
(onl^’- and) only by the control routines. Utility routines never refer to LC. 

The calling sequences for PASS 1 and PASS 2 are as following: 


PASS 

1: 

JMS^ 

^1 




DSA 

PASS 

1 

PASS 

2: 

JMS^ 

«tl 




DSA 

PASS 

2 


4.4.2 Functional Routines 

There are thrao major subroutines that correspond to the throe 
major functions of the assembler: (l) assigning a value to the symbol in 
the name field, (2) Svaluating the address portion of an instruction, and 
(3) punching the object deck. It is not that other functions are of ary 
less importance but that the most of the other functions, like searching 
through machine operations table, and data conversion, can be performed 
directly by the utility routines and hence no corresponding routines are 
included in this group. The two other major functions i.e. assembly of the 
various portions of the instruction and counting storage locations are 
performed by the control routines themselves. Following is a short 
description of each of these routines along with their calling sequences. 

AVSL: Assign value to symbol in name (location) fiel d: 

Galling Sequence: 



JMS^^ «-+l 

dsa avsl 

TJxls subroutine assigns the contents of LC as the value of the 
symbol, in the name field. If name field is blank nothing is done. Before 
assigning the value to the symbol, it makes a search through the ssnnbol 
table to see if the symbol has already beendefined, in which case, an 
error message is typed and symbol is not entered into the table, 

5SGD; Evaluate Symbol followed by a Decimal Oonstant 
Calling sequence: 

^1 

DSA SSCD 

DSA IDC 

This subroutine is used to compute address portion, IDC is the 
location of the word in which first character of a relative address is 
placed. The address portion is terminated by a blank. The value of the 
address is left in AC on return. If address portion contains an undefined 
symbol or an illegal constant suitable error messages are t3rped out. 

and 33D: Ob.i ect Deck Routines 
EvJOD: Bnter Word, in the Ohiect Ineck 
Calling sequence: 

JMS«^ 

DSA EWOD 

The contents of the location ODPLC are put into the object deck 
to be stored, at object time, into the location contained in LG. 



SOD; Signify end of Ob.ioct Dock 


Calling sequence! 

DSA SOD 

Contents of LC are put into the object deck as the location 
where object program shall start. 

4.4.5 Utility Subroutines 

BCD; Bvcaluato Constant Decingil 


Calling sequence: 

JMS* ^1 

DSA BCD 

DSA LOC 

BCD evaluates a signed or unsigned decimal constant whose first 
character is at LOC. The value is returned to AC; 

3C0; Evaluate Constant Octal 
Calling sequence: 

^+1 

DSA SCO 

DSA IOC 


Same as BCD except that the constant is octal. ESCD, SCQ,and BCD all 
genorc-.to an error messages in the case an illegal character is encountered 
by them. / 

Se/HCH; Search a Table ' 


Galling sequence: 



JMS* 

*+l 


DSA 

ssacH, 


DSA 

IOC 


DSA 

Tl 


DSA 

T2 


XXX 

xxxx 

Symbol not defined return 

XXX 

xxxx 

Symbol found return 


This subroutine sonrchos a table for a five character ^rmbol, 
first of -vfaich is s.t liDCt Tl and T2 are the addresses that doscrlbe the 
origin and the end of the table. Ti is the address of the •memory 
word that contains the location of the first entiy in the table* Similariiy 
T2 describes the last entry of the table. Format of the tables is described 
elsewhere in this chapter. 


C0W4C: Convert an Octal Wohd into 4 Characters 
Calling sequence: 

' *+l 

DSA C0¥4G 

DSA CC 

DSA WORD 

WORD contains an Octal constant and CC is the location where 
internal representation of first octal digit is to be placed. 


PST; Print fSmibol Table 


Calling sequence: 

JMS* ^1 
DSA PST 

5RR0R; Type an Error Message 


Calling sequence: 



DSA READ 

READS a source statGinent into LlNE+1 to LIN®-72 
4,4.4 Tablos of the TAL Asso-mbler 

Thoro are three tables in the TAL asseiriblors 

( 1) Symbol Table 

(2) Hachine Instructions Table 

( 5 ) P sued o-Ope rations Table 

All the tables confirm to a generalized format and can bo 

searched by the routine SERCH, Entries are serially arranged and each 
entry is six words long, pirst five words contain the symbolic part and 
sixth word contains tho value associated with the corresponding symbol. 
Affixed to each table there are two words called T1 and T2 words for 
that table. Ti word contains the address of tho first entry in the table 
and T2 word contains the address of tho last entry of the table. Each 
table can be then completely specified by the address pair gi-ving its Tl and 
T2 word addresses. Symbol table at present can accommodate only hundred 


symbols^ 
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caff TER FIVE 


CONCLUSIONS 

TAL assembler at present, is a two pass asseinbly program. Some 
of the important features are: 

1. Symbolic relative and self relative addressing system. 

Symbols may be declared any where in the program. 

2. Text facility: a contiguous string of characters can be 
declared in one single psuedo-instraction. 

3. Data declaration; octal and decimal data items can be 
included in the object program by using psedo-opcodes. 

4. Symbol definition: a symbol may be assigned a value 
relative to ary other symbol, which has previously been 
defined, 

5. Storage assignment: by using location counter psuedo- 
opcodes a programmer can assign any section of the program 
to any desired location. 

The assembler as such can not be directly executed on the TDC-12 for 
two reasons; (l) No specification was available about input-output to the 
TDC-12, except that it will initially have only two teletype units with 
paper tape mechanism, and (2) TDC-12 will iirltlally have only paper tape 
input-output and none of it was available on IBM 7044. Certain assumptions 
regarding addressing of units and internal representation of characters had 
to be made to complete the assembler. Details can be found in the reference 
1. Incorporating changes in TAL44 and TAI. when the input-output specifications 
becomo available would be very easy. 



Tho prosant varsion of the assoTubler TAL is by no msans complete. 

It shoald bo considered only es a first version. The stracture of the 
asseTiillo ia such that it will bo easy to irake imprcveTr'ents. There is 
need for irnproveTnents in the folloxdng three directions: 

lo Pormitting arithmetic expressions in the address portion, 

2. Data declarstion psuedo-operf tiens should bo -modified to 
permit more timn one item per statement. 

5. Tho ability to call and define macros. 

First two i-rnprovements require that (l) EGD and SCO routine bo 
modified to recogniso and '/' in addition to blank as 

terminating a constant, and (2) ESCD routine bo ropLacod by an expression 
evaluation routine. Changos in psuedo-opcode routines DBG, OCT, and DSA 
xdll bo tri-vlal. Inclusion of Hacro facility will, however, require much 
more effort. Two additional routines, one to process Macro-dofinitions and 
other to expand the Macro-instructions would bo required, A Wacro- 
definition psuedo- operation should bo included in psuedo-oporations table. 
The corresponding routine will, make entries in two tables when a Macro- 
defintion is encountered. The first table, called Knero- ope rations table 
will certain oach symbolic opcode defined as a liacro. The second table 
cnllod i*:-'cro-definitions -table will contein Macro-dofiiiitions. The location 
from -urhic.h a Macro-dofinition starts, will be put in tho Macro-operations 
table fLi ’value’ associated the corrosponding onti-y. The -main processing 
loops 0,1 pass one and pass t-we, before checking for a psuodo-cpora.tlon, 
would C..-0C1: tho symbolic-opera Ti on to see if it is included in Macro- 
operations table. If it is Mc.oro-operatlon control, the control will be 



transforrod to tho Macro-G3qDanding routino. This routine will gonoratc 
tho card i-magcs and pass the’^^ on two Ttiain routinos of rjass ono arid pass two 
as tho case ■nay bo. For ncst'od and rocursivc Hacros tho Train bodies of 
Macro-dofinition, pass ono and pass two routinos will havo to be rocursive. 
This can bo taken care of by a simplo push stack,. 

Inclusion of user dofi'md 'Macro- op orations, in the present framowork 
of the assombler Tnay be an interesting and cha.ilonging oxorciee. It TTiust 
be emphasised hero that there is a strong need, for preserving the triodularity 
of the TAL assomblar while rnaking aiy changes. That, Macros can be 
included in tho present framework of the asseri blcr is a strong argu'mont in 
the case. TAl assembler has boon tested and dcb.igged on the TfC-lS si'mlato 


on IBM 7044, 



^P.ENDIX-1 


BIPL5)(IENT1TI0N of T/iL ASS'*JMBL^ ON TDC-12 

Since no infomation was available regarding tho input-output on tho 
TDC-12, contain assurriptions bad to be Tnade in writing the TAL and TAL44 
assGT»iblors, Details of those, assumptions are given in the reforence 1. The 
present version of the TAL assembler, thoroforo, can not bo executed, on the 
TDC-I25 unless nocGssnry changes have boon mado to conform to tho TDG-12 
characteristics. 

The TAL-44 assombler should bo changed in following respects: 

1, In Tnachino instructions table, tho numeric opcodes 
corresponding to symbolic l/O instiu-ctions, need to be replead by actual 
opcodes. 

2. Tho BCI psuodo-operation generates one binary word for 
each character. The code that is generated for each character is talcon from 
a table inclxided in the routine T.BCI. This table should bo changed. 

Following changes should be made in the T/b assembler: 

1. In machine instructions table, replace the numeric 

opcod.es corresponding to the symbolic l/O instructions by thej r actual values. 

2. I nterml representation for carriage return and line feed 
are generated using their octal values. Docrarations for both these 
characters appear at the end in the source program for TAL assembler. The 
octal values should be replaced by the corresponding actual values. 

3. Present version of the TIL assembler, when executed on 
TDC- 12 will produce an object deck in BCD format. In this format each 



binary word is represented by four octal dlOT‘t^ ^ 

xuur oc-cai digits and hence each word on 

Ob^] wCb d»iCk 0CCllplQ3 fOUI* Gh’"> mL> • • 

--actors. This is very inefficient. Much better 
and efficient use of naui^i- v . 

if object deck is punched in 

binary for, m which each word can bo roproaontod by two charactors on the 
paper tape. Sinoo no infona-tion regarding binaxy I/O was available It could 
not bo ivplopontod in the prooont version of the Til assembler. Since no 
forvot for the object progra-,, that would mjee efficient use of the paper 
tape I/O, could bo decided it was not possible to write a Unary loader. 

information was available about getting the maohlne Initially started. 

How to enter instructions Ini, core storage that will bootstrap a loader Is 
still not eloar. This was another difficulty that prevented writing of a 
loader. To obtain a version of the Til assembler that can be executed on 
the IDO-12 therefore, it Is necessary to write a loader and then punch an 
object tape according to the format specified ly the leader. The Til 44 
assembler operating on the lEd 7044, will produce an assembly listing, 
when Til assembler is li^ut to this, object program for Til assembler can 
bo obtainod from this 




appendix two 

TDC-12 INSTRUCTION BEl-HETOIHE 
Storage Reference Instructions 


Mnemonic 

Octal 

Code Operation 

AND Y 

04 

Logical AND 

XOR Y 


Exclusive OR 

lAC Y 

14 

Load Acuiumilator 

SAC Y 

20 

Store Accmaulator 

ADD Y 

24 

Add to the Accumulator 

SUB Y 

30 

Subtract from the Accumulator 

RA.D Y 

34 

Replace add memory 

ISZ Y 

40 

Increment storage by one and skip 

JMP Y 

44 

Jump to Y 

Ji«5 Y 

60 

Jump to subroutine Y 

CAS Y 

54 

Compare Accumulator and skip 

XCT Y 

60 

Execute instruction at location Y 

Non Storage Reference Instmctions 

SMK 

6401 

Set mask flip flops 

ION 

6402 

Turn interrupt on 

lOP 

6404 

Turn interrupt off 

NOP 

7000 

No operation 

CIA 

7001 

Clear Accumulator 

0 

cix: 

7002 

Clear Carry regester 

CAR 

7010 

Circulate accutmilator right 

CAL 

7020 

Circulate AC left 



Maeiaoilie Octal Code Operation 


CTE 

7014 

Circulate AC two right 

CTIi 

7024 

Circulate AC two left 

CMC 

7040 

Coraplement Carry register 

cm 

7100 

Complement AC 

lAC 

7200 

Increment AC by 1 

CIA 

7300 

Complement and increment AC 

STC . 

7042 

Set Carry Register 

STA 

7101 

Set AC 

CIA 

7401 

Clear AC 

OBS 

7402 

OE with switch register 

SKP 

7404 

Unconditional Skip 

SNC 

7410 

Skip on non-zero carry register 

SZC 

7414 

Skip on zero carry register 

SZ A 

7420 

Skip on zero AC 

SM 

7424 

Skip on non zero AC 

SMA 

7440 

Skip on minus AC 

SPA 

7444 

Skip on positive accumulator 

STP 

7600 

STOP 






»« TAl ASSEMBLER LISTINGS 


ivCM P4SS2 


i'-TM :;(>if f'Aict 
K'“M ■ 

«•##«•#.» ft# »»«.«. 


J M S ■*■ * + 1 

DSA PASS2 


A^'<Z PA$S2 
I AC ONf, 

i>AC ' PASS 


SET RETURN ADRESS 
INITIALIZE PASS2 


initialize location COUNTER 

initialize card count 

RtAD CARO 


;aC CC 
i JNS* 't+i 
OSA READ 
ISZ CC 
4 . AC* P 2012 
CAS Pious 
C^IP t+2 

PCCUZ 
, jmS*" ' '#+ 1 
v»5A -SCRCH 

ij 4 >' A f J f' 

USA''. POPfi 
, USA ' 'PCJFTa 
JKP' ' # + 4 


IT ♦ CARO 


PCOOE 


NU '■ ,/ '. ; ; ,, ' 

YtS* VALUE IN ACC , . ' ' ' , ' ' 

TRANSFc;R TO PSUEDO OPCODE PROCESS IN'C 'ROUT INE 


UMS» »+l 
DSA SCRCH 
DSA OF 
DSA OPTl 
DSA 0PT2 ' 
JMP* P2015 
003 SAC P2007 
4MS» *+I 
USA ESCD 
OSA VF 
SAC P20D8, 
AND' P20u9 
S'lA , ' ^ ' , 

jgp # 4,3 

"lac 

JAP P2C;4 
Sac P20i.0: 


NO. ERROR 
YES 

EVALUATE VARIABLE FIELD 


IS SECTOR ZERO 

NO 

YES 


SAME SECTOR 




** TAL ASSgMiLER LISTINGS 


htiRoa 

OC T 4 

> lac P2C08 

MO P20i3 
'iOO P2014 
PO'‘';«4 add P20O7 

P2c33 SAC A I 

vJMS« *+l 

osA ewoo 

PLOA4 ISZ LC 

P20(a,jMP P2001 


LOAD AORESS 


SEND TO OBJECT 


•»####»####♦## 

fC I 1 

iCT 7700 
iSA LE 
€T ^ 007? 


****«*«»**» 


oPCnoE 

ADRESS PORTION 


«*»*«*««»**j 

::iS«lllllBi*te 




tRROR 

5 




**«*#**»#*»##*»,##*«.**.# 


*******»»# 4 *•»■»■» 

_ ., ' ifej 


JECT 











TAi assembler LISTINGS 


i i "h*. ,!>*. i'> ^ ^ 


UGS 

Ui'iG ■' •‘JUP 


^ JMS« 

, »+i 

: ,' ' DSA ^ 

''' ESCD''- 

'■ ' 0$A^ 

VF 

URG02, SAC 

LC ■ 

LAC 

■ PASS‘ 

' ,,, '■ . SZA 


"t/' UMP* 

;I‘2I02 

t;:'vi;;,-.4M'S* 

' «+l 

::,;vf' dsa 

AVSL 


PII02 


# 






PSUEOO OP CODE ORG 


EVALUATE VARIABLE FIELD 


PASS2 

PASSl, ASSIGN VALUE TO SYMBOL 


V ,.A, i-i' , 




iKlllili^ 






!' {.vi • -,p'/ ‘ 


:" it 









psueoo OPCODE OGS 


00 S lac ■: LC 

AND A06S03 
ANA 

4«P -OGSOl 


■IS IT fiEGINNING OF A NEW SECTOR 
YES 


'-'rtOD'! , OGS04 
AOD ' 0GSO5 
• 'r ■':, ■'0^^002 


P2i02 DSA P2002 

P.iMl 0$A P2001 

>'U :■ A-.'. P10O2 





ASSEMBLER LISTINGS 


RSueoO OPCODE REM AND EJECT 


PASS 


^ • ;. ', JHP* . PI'IO^,' . /' ^ .#ASSX '■ '■ -T T ' ■ ' , :' 

JMP# ■■P2IQ1 , ,;'.PASS2 






lAL A55fcMBLER LISTINGS 


RQ'U 






Jl-'iS* 

*+i 

USA ., 

.’■■'t-SCO 

USA ' j 

VF 

SAC' 

eouo2 ' 

LAC ■ 

PAS'S ' 

'SZA 


JMP* 

'P2I02 

LAC, 

LC ■ 

SAC 

€CU03 

LAC; 

EtiU02 

SAC' 

LC 

JMS* 

«♦! 

DSA 

AVSL 

LAC 

EQU03 ,...• 

.SAC 

LC ' 


,,PII02 




PSUEOO OPCODE EQU 
EVALUATE VARIABLE FIELD 


PASS2 ‘ 

PASS I SAVE LC 


_;j;r <:.. . , ; 




^ ;4'i ■■ 


..... ' ^.l,,..t....,,,..,..,,.,...J...........^ ^ 









4u#^:V0fC ' 00 ^ ’ ■SAVE.^LC i 

■ ■ .it... y ' r : : 'X'‘ZK^i:r:*:r‘T': ,: . ...'.'.j .: , „-..M .',.> f '.„.,! .' ,. .,..,‘V .!.,u., .1.., ,! L,.,'. . 






ipiUi 









ASSgMB'LE'R LISTINGS 




!‘i 5#' ‘.i '4* A C 

PASS 

^ Si k 



'. 4rtf> •^■ 

■ » + 3 , 

, - : JHS* ■■ 

*•(.1 

' ' ' OSA '"■■:* 

' Ay sC: 

, JM$* 

. »+!■ 

' ' OSA 

gCD 

osAiv' 

VF >•' 

' ^r;: ■RA0,:;„ 

LC ■■ ■'■■ 

LAC p 

’ ' ' ",SMA "■' .. 

PA^S 

V';;' 

P1I02 

jHP# 

P2I02 



*#*»#**»(■*■«*■»■*■* 

RSOEDO OPCODE BSS 


PASSZ . 


■PASSl^,>; 








PASSi '' !’•'>■■; '■’■'vfr ”■ , . ‘ 

' ,, V'JJ* t-." . ■' • ] . 

m $2 .; ' '■■ ■. 


ppiPii||||g:|f;S 

iivCitecT 




,, "‘'i/pif?*,;;! 



TAL ASSEM8t£R LI ST IN 


«■*■»»*****»«. 

PSUFOO OPCODE OCT 


i. -kz Pass 


'sJ'AA , VP 
, J'KP-a 'OOI 3 B 

f # ‘ll- * 55r # ’il'fl- » # # # # ^ «• * # * !• # # # # # # # # # # # ^ * 1^. ^ ^ Ij. 


iH'j S 



lAC 

PASS 

".I ' ^ 

,i ‘1 A 



jfir'#’ 

Oil .■! 

'PASSl 

■jAS* 

# + 1 

PASS2 

OSA 

ECO 

EVALUATE OCTAL CONSTANT 

OSA 

VF 


JNP» 

02,ISS 



DS'A ' , I AC ''PASS ' . , ' ''■' 

■ ' ' . SNA"' ' ' ' ', A , 

' ' ' JMP» OlIOl ' ' ;: 

JMS« * + l ';, , '' 

DSA ESCD ' , ■ ' 

DSA VF ', ' ', 

JHP« 02I8B ' " " ■ ' ' ' 

RHH ' , ' ' ' 

41 #'* 

U2I3i.i OSA pccas ' . ; ■ '" 

oi'ioi osA , Pio'oi , ' . „ '; :' A", 

###.«■# t#'i .##'#»'#**###■######« ^ «*«#####» *11 »»,#*## 


OlIOl 

*+l 

ESCD 

VF 

02I8B 


** lAL ASSEMBLER LISTINGS 


PSUgOO- OPCODE 8 CI ' j 



kOH 

,#1 Mt jif 

0Ci 

L ^ At*, ,ia Ai» jysw 

■;pf pr W,':W 

.Xi 

« *, ■>.' -S' ■„ ’t, 

LAC 

SkA 

r # ♦ # # “i' # 

■'PASS 


Ji'iF'* 

BCIOB 


jNS# 

»4-i 


'DSA 

ECO 


OSA 

CIA 

VF 


SAC 

8CI04 


L 'A C 

8CI09 

lilfilliiBiSliii 

SAC, 

BCI8 

SSf;S!!OffSf:SllSIISI100|s||?| 

t,AC* 

BCI8 

liiliiliiiitt 

SI, A 


liipliiii^^^ 

JMP 

*-2 

, ac'i02 

L AC* 

BCI8 

^®ilS|i§lilSiil|fiflP 

"SAC 

AI, , 

[J'' 

MliiPIlRiiillil® 


*-kl 


Os A ’O' 

E«OD 

1: 's ' ' 

rvx" 

LC ' 

pfl|S;g;;=i;:|a;;p3^^ 

IS2 

6CI 04 

i, , 

JMP' 

8CIC2 


J„HP* 

BC 1 05 

f \ 

,HOM 



PASSl' ' ,' 

PASS 2 

EVALUATE COf^STANT 


SET COUNTER 


GET character 
SEND TO OBJECT DECK 







' m :'"''' '/ y'‘ 




P20C1 










'I^CLj ' P'iU 
acios; os A' 
ec I os, USA' 
■'BC109' OSA / 
8CI04 BSS'*'*'' 


8 " ,' 

P 20 UI 
0SS'' ' ' 

VE-'i 

1 








VALUE OF CONSTANT 


iiSi^^SiiSip^Pl 









EJECT 


TAL ASSEWBLCR LISTINGS 


AVSL 

■•il'-H ENTRANCE. 


litf isiliils 
iiiiiiaii 




AVSLl', JMS« 

I-'' ' ' DSA ■ 

LAV Si 2 DSA . 


DSA 

JMF*, 


'»tX , 

ESEST'^ 

LF 

:lc 

AVSL 


EJECT 


ASSIGN VALUE TO SYMBOL IN LOCATION FIELD 


iJGS 

NOP 

iSZ 

LAC* 

AVSL 

AVSL2 

IS IT 

CAS , 
JMR, 

BLANK 
* + 3 

NO 

VHP* 

AVSL 

YES • 

wop, 


NO 

. J«S» 

♦ ’"I" 1. 

IS SY 

'0SA 

$£R.CN ^ 

'7 

OSA 

LF ' 


.,0SA 

STTl' 


DSA , 

STT2 


JMP \ 

AVSLl 

,'NO 

.VHS* 

BRRUR', 

YtS*J 

Dl'C '■ 

1 ' ' 


JM'P* 

ju L‘ M . 

AvSL ' 



JMS'^ 

DSA AVSL 

»»****««■■»**«*»#### »«■ »«*#*»*#»*»«■ «■«.«.( 


RETURN 


IS SYMBOL '.ALREADY OEEINED 

i-v.iLSA. .r’-' 


fiiiiiilifc 


■ . .p” , f'fr ''h«rN;i 




OtFINi 


k' ' ' ' 1 ' 1 V in''"'’* 

iiiSilliaiii* 

, ■ \'"Ti ‘ il"""' 'f':?’"’ 






RETUftN' 






t./.'-"':*' ■■'’ v.y/; . 31 ' 



TAL ASSEH8LER LISTING 


VALUE OF SYMBOL ZERO 


CHARACTER LOCATION 
RETURN ADRESS 


SYMBOL LOCATION 


SET LOC;-.TIOM COUNTER TO FOUR 
CilARACT-"R TO ACC 

IS IT flNE ur THE ENGLISH ALPHABET, 


.JE*P; rSC02 
JKP ESCD2 
SMFi» ESCil 

LEC'i' esc OR 
■cas a ' 


0 TO NO SYMBOL 


IS IT ONE OF THE ENGLISH- ALPHABET ' 
YES 

YES ' ■ ' 

NO. IS IT GREATER THAN ZERO 

Y6S ; /, " '' ■ , ■ ' - : 

YES ' ' ' ' 

NO. SYMBOL LESS THAN PlVc CHARACTER'S 
IS IT LFSS than 9 ' ' ■ - 

NO. SYMBOL 'LESS THAN FIVE CH'AHACtSRS 

YES ' ' . ', : 


ZERO 

*+3 

+2! 

ESC03 

NINs: 

ESC03 

ESCU2 


feSCDC SAC* eSC09 
ISZ. £ SCO'S' 
JMR ESCD'l 

.LAC ",,eS'Ci>8' 

' '' 'ADO; .ONE 
SaC* . Ssco^ 

. ''. J'MP* ESCD5 

.e'seiX'? , „ 


T ADRCSS 


SYMBOL L 


THAN FIVc CHARACr.A..! 


'ES-COB 

;ISC03‘H 

'SSCOS 



»» TAL ASSeWBLER LISTINGS 


SAC* ' tSCUA 

' esc OS 

Ai'M ' ’ 

# # # # -t i # t # ## # # f » # 

cSCi'i 03 A ESC12 

;„£5,fl'T 0SA ESC0? 

f.:'CD3 USA gSCD6 

eSCDe '/‘..U o 

tSCD9 Mv.U :9, 

tie CD A Dec -5 

escoj USA *■ 

D '5 S' ' 3 

escue B'ss i 

3 SCO’;. b'SS I 

escsA 4 'MS# *+-1 

U5.A SeaCH 
' ' . D3A ?.SCOJ + i' 

'' b.'-'A ' srii 
USA Sl'TZ'' 
jMtP esccK 


NU SYMBOL EROUTINE ADRESS 

CONSTANT ADRESS 

AORLSS.TO GET VALUE OF SYMBOL 


COUNTER 

VALUl OF SYMBOL 


T VALUE OF SYMBOL 


JOS# 


TANT 


TO B?- SET 

GET VALUE 
SAVE VALUI- 
FURM return 


VALUE TO ACC 
RETURN 


jHP# 

DSA 

REM 

REM 

LSCLR JMS# 
liCT 
CL A 


ERROR 


UNDEFIN 


M80L 


esci2 CAS 
, JM'R 

jriR 

, , ' ' L.AC 
. .SAC 
e,' ' ' 

ecc^'V L'-'X 


STAR 

»+2 

'ESC 14 

FSCac, 

I'XCO? 

gSC8+l 

ESC08 

ONE 

ESCD7 


NO SYMDOL 

NO 

YES 

NO 


IT STAR 






iiilis! 


TAL ASSfi«8LER LISTING'S 


SAC EC DC 8 
EC DO 9 
t'AC SCOK*t 
SAC ECDx.". 
ISI HCD 
CmC«< ECO 
1 "Z aCD 


VALUE ZERO 


COUMTcR FOH FOUR DIGITS 


SET RETURN ADLESS 
FORM CHAR^-XTEk ADR 


i.. '''‘C* £CDC 
C'AS PLUS 
'4'fW ' ' » + L 
JiMP' cCDOa 
;.:aS' ' MINUS 

jfiP' ‘ »-h'l 


FIRST CHARACTER 
IS IT + 


YES - 

NO ' ' ■ 

MINUS 

-i IN ACC . 

SET SWITCH FOR MINUS 
NEXT CHARACTER 
IS IT BLANK ' 

YES 

NO IS IT CRLATEk than 0 

YtS 

YLS 

NO 

IS IT LESS. THAN NINE 

NO 

YES 

YES. GET DIGIT 

STORE 01 GIT . . 

VALUE TO ACC 


f-CDdi 


■ ' ' CIA ' ' 

SAC EC Du 9 
EC002 LAC* ECUS 
LCD03 SNA 

JMP eCD07 
CAS ZERO 
JMP »+3 
JMP *+2 
JMP eCDEft 
LCD04 CAS NlNi- 
JHP ECOLR 
'NOp. 

sub'' '.ZERO' 
gCD'ii 

,, ; LAC ■ cc'Due 






'ECOl? 

f.C.OOfc 


MULTIPLIED CY TEN 


if* 


■'ASSEWSLER tISTINGS 




' AOD ' 

BCOii ''"?-■■* "A0i',s 

mur ■' - ' . ' 


:^AC 

ecbos^'^': stop 

sifi^teWE 


I'iti ,- 

ECbl0'>‘-',^ FUUR 

i ^CHARACTERS GBER-. 


JHP ';, 

'£CD02;.4:,... 'Ni',::;: 



’ L AC 

ecooS',,,:::,; ::Xmm 

®'TO'aCC 


1 AZ ' "■•■A 

.ECDo$: 

T'«IHUS , , 


JtW 

1' - * 


' '/fe ' ■ , . 

r'.h '' ' • ' ‘ ' 


C I' A *' 1 ': 




JMP* 

ec0;^Wtvn:^3;,v.;s ' 



JMS*A- 

ERROR ^^:A^J;J■:; ' 



0 K 0 , i ’ ,,,^*'^1 

Zi44>A ILLE 

6AL constant 


CiA’^” ' .j 

, ZERO 

! VALUE 


j[ip* 

ECO 

IRN M 

y A'"""' 

1 , , 

..iv;-' 

" '.v-K- , , j 


::A:' 



a ^)CT.-.-:7J7.os=::iri:.'-v 4|g4;:; ife ' v,,/^ • 

« ' '" .^ . . . . . 



TAl ASSi«0iER LISTINGS 


ECO 
CCOi.'i 
# ^ 1 
ecu ■ 

Oi' 

LCUt..? 




^ CAC 
' '' ' 

' „ ; V:\C* 

EC 00 2 

A C 0 0 4 
£COOd 

, SAC* 

EC 00 s 

■ .,i'SZ 

ECO , 

A „ , ' ,,;LAC . 

A ' A 

EC 007 

eoo' 

^ cCOCiZ CAS 

NINE 

A E-tOOIr C,4S 

Sc^feW 

■ ?C0:)4'0'SA 

6C004 

ecof^s osA 

ECOO 6 SKP 

'eCD05 

tcfjoe DSA 

ECD05+1 

CCOOT BSS 

1 





IPS 

tfr:'; 


fAL A'SSEH:8l,tft LISTINGS 




S^:RCN ScRCH A TABLE 

"^.‘. H sN I'RAi'-jC :_» * JMS* *‘^(-l 

' 0$A SFRCH 

' OSA SYMBOL LOC 

'■•‘"f; DSA Tl T1 AOfteSS 

"':f: ' OSA T2 TZ ADRESS 

undefined 

...,,, . . , . . ^ DEFINED , 

INPUT.. FIVE CHARACTER SYMBOL AT SYMBOL TO SYMSOl+A 

Tl LOCATION THAT CONTAINS BeSINNING 
„ , ' ADRESS OF TABLE 

TC LOCATION THAT CONTAINS THE ADRESS OF . ' ' 

LAST ENTRY IN THE TABLE 
. TABLt IS SIX WORD ENTRY- . 

OUTPUT.. VALUE OF SYMBOL IF FOOnO IN ACC ■ 


*'■»» 


FROM ADRSSSS YWBOL-l 


SST 

Oils 

S'SPt 

SST 

S'ST 

SSTcM 

SSTCM 

ON t 

SST5 

SST 

SST 

SSTEM 

SSTCM 

ONE 

SST6 


RtSS TO- AC 
S OF FIRST ENTRY 
E TABLr TO ACC 


CURRENT ADRESS -i 


T2 ADRESS TO ACC 


ADRESS' OF LAS1 ENTRY fO ACC 


0 RETURN 


SST I LAC SS1.,> 

CAS ' . ,SST5' 

■ JMR ' ' 

; , ' SHP *+2 

J . P ~> ii I'i -J 

.: C SrC,.iT 

Slap#®’ 

®'' :'.symgl; 

A, SST5 
'''A /STC 
ADD SIX 


YES. SYMBOL UHDEFINtO 
LOAD CHARACTER' COUNT 


ST CHARACTER 
OF the SYMBOL 
ST CHSRACTER 




PREPARE FUR NEXT ROUND 


»» TAL AS$.P8'LER 

LISTINCjS #"# 


'j A, C 

SSli 

SSTL . ;v.: 

'SYMBL 

^ ■ A ASl 

, 'StC : 


" ■ ssri 

'■ ■ , UH'p' 

, *-+-2 

'UMP 

,SST1 

''KvZ'' 

STCNT 

, jMP 

S3T2 

' LAC* 

STC 

,, , :1S2. 

SST 

JHP* 

'SST 

, t"\ A M 


3 UNO ' CIA ' 

iiiiiiisii 

JHP* 

SST 

, He:M- 

* * i- # •»> # A ^ 

^ Mi, ^ J 

■pr lif ^ 

3TC ' ' U 

^ W » # w W # ^ 

..9,' ■ 

"SY'MBi 

3 

L< ' U'"X 

6 , 

Dm A ,)A'C 


3 ST-.' ass 

i 

6SS, 

1 


5.rci'^’i 

SSTi-.’v 


! '',SS 




TRY NeXT SYMBOL 

THIS 'CHARACTER' COMPARES 

TRY NEXT SYMBOL 

ALL CHARACTERS COMPARED 

NO. NEXT CHARACTER 

YES . SYMBOL FOUND 

VALUE TO ACC. 

RETURN 








SYMBOL UNPEFINEO 


Mpiisi 




current Character index of ■ table 

CURRENT CHARACTER INDEX FOR SY'MSOL 


ADRCSS OF SYMBOL -I 
CURRENT ADRFSS '-1 ■ 

TAEL? LAST ENTRY ADftESS 
CHARACTER COUNT 
TEMPORARY ' ' ■ 


'' 'v' ' -JSC'i; ^ 











MHBM I 




** TAL ASSft-iiSLER tlSTIfvIGS 


A,:;>i' '-f-SAST' 

'' '’'.'V,H ■ ':i‘ijT!:urCr 
ACM'. . , ' 

, 'Cv'H' , ' ' ' ' 


cNTER A -SYMBOL IN SYMBOL TABLE 
Ji-tS* *+l 

'Dsa EsesT 

DSA SYMBOL LOCATION 

OSA VALUE LOCATION 

FIVE CHARACTER SYMBOL AND VALUE 


.‘-'vi-'.i'l li^RiiT.* 

# # '« » # # it # ##,# ^ ^ 

, ' ' , iJGS 

^SCST i'iOP ' 

'lac ' STT2 

, '. aAO IStQfi ' ' 

./S'. AC c'SCSe 

'A . i.iC . ' ' 

a 'M P C S i: E K 

''':.UP ' - ' ■ 

':'>.C , STTE ' ' , 
loZ i'StST 




FORM CURRENT AORESS OF TABL 
PLUS FIVE 


LEFT IN' symbol TABL:-- 




FUHM SYMBOL MINUS 


,^.UB D:A': 

',.,,AC, f:.SES9 
't AC F S E H S 

^>AL.' ' £SL"a::i 

'esAS9 
■,M\C'!» . if Sc SB 
I '^,2 , '£Si:,’S5 

ISZ- cSEST 
L,AC* EseST 
SAC ES6S5 
LAC<* ESE35 
SAC-» ESLSe 
ISZ ESEST 
JMP» ESEST 


COUNTER 


CHARACTER TO TA'BL 


ALL MOVED 

NO 

YES 

VALUE ADRtSS 


VALUE TO TASLR 




DEC S SYMBOL TABLE FULL 

STP, ' , 

.A’M , ' 

'■ . I! 0 TABLE 

■' - ■ ‘ - 0 9 SYMBOL 

'Kr # * '>r -li* ^ ^ ^ # # # ^ -i- # -iL ^ ^ ^ ^ ^ , 

i^^^^^^ ^^^Miii6§lSIEa8H,c:-"^c:;::CA;c:A0:A:;C':: A";^:A''Vc?f^ A:-,/ri:'A:A:AAy':^:-/yA^^ 

^^^^ ^^^^^^^y ^By^»Blt 62 :''-'AV^-ACv:::c;AvfA:A:':aC-.cLAA,;A CAA'':;C^i;A:VA:,-fv,;: ■A;AA:v--ci,lAl:liiiiiii^ 

:S::S:. bSS I COmiltk ' '' '' 

ST60N ass ■ 11 - 5 '^ . SYMBOL TA.aL"' 











*• TAL ASSEH8LER LISTINGS 


*»***»*«•«.«**«« 


■' '■ ' PSI ' PRINT SYMBOL TABLE 

V.- ;■• ;, ■.■ .'.■ ;• ;• **»• t «■##*«#«»*• ^ ^ 

ENTRANCE.. JHS« »+i 
■' ' ' , ' ' DSA PST 

■' ■ ' ' ''■■ '' ' ' ■ ■ ■' ' , ' 

RSi tSS' ' 1 . 

ISZ PST ■' 

i--.c ' PSTIG 

. :r3'^ one, ' ^ ' 

,'^'AC P$I8 CURRENT TABLE ADRESS 

LAC»' PST 11 

SUB ONE 

SAC PST12 END ADRESS 

PSTOO LAC PSTw HAVE ALL ENTRIES BEEN PRINTFO 

CAS PST12 

UMP* PST YES. RETURN 

NOP NO 

LAC CR NO. CARRIAGE RETURN 

ISF 

4HP : *“1 
' TLS 

LRC PST14 PRINT SYMBOL 

SAC PSTi5 

PSTGl LAC# PST8 NEXT CHARACTER 

TSF 

' JMP »-l 

, G , TLS . ' , ^ ' 

: ■ . iS2 PSTi5 ■ ' 

■' ' , ■ JHF' , PSTOl, ' 

L/VC ,p,S,tI4 , PRINT BLANKS 

, ■ , 3, AC'. P5Ti5 

' . CLA ' . ' . ' ' 

,i>SIC?2 TSF ' , , ' ' ' , , , 

'' : 
'TIS ' , ' 

: I$2 , ',PSTt5 ' ' " ' , ' 

' 'PSTC2 

LAC# ...PSTS PRINT V.ALUc ' ' ' ' 

SaC 'aPSTIS 

..':V '.0«S» ,1 . '' ' 

, , ' :'OSA . 'C0W4-C ' . , ' 

'ADS'A 'PS.TiT ' , 

'DSA '' PST.l^ ; . . ' 

LA'C, . ' PRINT f:jUB, CHARACTERS .'A. 

SOB ; '0N£i' , ■' ' ' SET CHA-'ACIPR ADRESS ' " " "" 

SAC ' . 'PST9 ' 

LAC ./PSTLS ' ' SEI 'COUNTER 
' .SA'C', . ,PStl3 , 













FAL ’ASS5_'WBLfcR; LISTIM6S ■»* 


i<<''H^ , , Er>ilER »i«OR0 IN OBJECT DECK 

■K!::M , ENTRAf^Cil.. JMS^ »+l 


\''': ,dGS'"' ' ' ' ' 
,eW'0Q' BSS ,,'1' 

ISZ 'EWOD 
' LAC ' ODRK-C 
' S2A , ' 

JMP , E'^ODl 
cWUDO CIA ' 

TSP 

JMP »~1 
ILC 

LAC LC 
SAC ODPLC 
JMS* '*'+1 
OSA 00R20 
JMP eWQD2 
; wool LAC OOPLC 

ADO ODRWC 
CAS LC 
JMP ■ *+2 

JMP eW0D2 
JMS QORIO 
JHP ewODO 
;"WU02 1$2 .ODRwC 

, ' ',, LAC Al"' 

' , Jf“S*' *+'1 

' , i)EA ' , Q 0 R 20 

LaC , 00k WC 
CAS ' , '6wOj.4 
' , . Jf# .' gi^OO 
JMS, 'ODF.IO 


RETURN ADRESS 
IS WC EQUAL TO ZERO 


NO 

YES, OUTPUT BLANK CHARACTER 




OUTPUT LC 


IS WC+PLOC=LC 


NO 

Y6S 

NO. PUT TkAILCR IN OUTPUT 


OUTPUT A I 


RETURN . " , ' ■ 

PUT TiUILtR CHAtUCTtR AND.SST'WC^O 


Aiitiiiiiiii 

c:W01‘t DAC, 
ODRiiC [>~C 

oopic J^-X, 









** TAL ASSg'MRU^*i ' listings 


' ^ ^ cNTilR ADRiSS.' AND SIGNIFY END OF DECK 

= v ■:M .entrance** JMS^-^ + i ' 


M'lt * »«»';* «#»»*«*## 

0 ' , 'NOP ^ / 

' ' iS2l ,.EUO ' ' 
''i'AC . ■ 'QQR^iC 
. 'SZA '" , ' 

JHS ODRIO 
LAC' ^ ONcCH 


IS wc eauAL to zero 


JMP »-l 

TLC ' ' ■ 

LAC LC 

JMS»* + i , . 

DSA 0OR20 

J«S OORIO ' ' . ' , A 

JMP# SOD . ' ' 

OUTPUT A irfORD ON TAPE AS FOUR OCTAL DIGITS 

; ■ *v,:m entrance*, jhs* #+i , ' 

RIM DSA QDR20' 

' ' OGS ■ ' ' 

'0DR20 BSS I . : 

C.;, ■ OOR21 ' , ' ' 

EE:',E' , JMS# #+l ■ , ' ■ " ' ' ■ 

E' USA C0W4C , . '' 

"•E ■■■'; , jSA ,0UR2i+l ' ' . , 

;(;E:'E.;' E.: DSAe ODR21 ' ' ' ' ' . ' '' . 

'EE; ' " , HEM.,, INPUT.. »^OHO IN ACCUMULATOR . E 

'tGC .Op'RZZ ■ ' , E ' " 

E :'E' ' .(JORtl ' ' SET COUNr...R 

' ' ' 0URL3 '' . ' ScT CNARACIEER ADRcSS ' ' 

E-:V'... SAC UpRU ' V 

'"O0RZ5 LAC,#'. 'O0R9' 

' t$,P ' ' PUNCH CAHARACIER 

JMP' ,'*-X . - ' 

■ ■ : ■ . . , ■ ; : ;; ; ; :• E' e:,: ;:;::::EEEEeIEEEE®^ 

i I ODHa i . 

V- !■' .'ODRaS'.' 

E 'Lsz- „-,Q0R2O ' ■ ' . 

'E jH'i>#E, o'DRao ' ■ ..' 

'''EE;|g|||||Mpjl|||B|i|||S;pE^;^^ 

DDRS! L'EU ' ' '9'.'" . ' ' ' , .' 'E'' 

ODR22 DEC , E -'9 ' '. ' ' 

3DR23 US'A, '' '0D.R2'l ' . " ' ' , " 

I)DR21 BS$ ,.,'5'' ' , ■ WORD AMD CHARACTER ■;"' E’.,, 









LISTINGS 


k"M' ' ; COD:'.: TAGLc 


'" S'TOriA'Gi,". RrF.-rKcNCt INSTRUCTIONS 

'' , . BCr, ' '5 .4fi0 . ■ 

: ,0CT (Hue '' 

,,,GCI 5' AND* , 

OCT ' O'COQ . 

DC I, ' S XOR 
OCT, lOO'O 
OCI 5 XOR* 

UCT 1200 
BCI 5 LAC 
OCT 1400 
BCI ' 5 LAC* 

UCT 1600 
BCI 5 SAC 
OCT 2000 
BCI 5 SAC* 

OCT 22^-0 , ' '■ '■ ■ 

BCI 5 ADO 
OCT 2400 
BCI 5 ADD* 

OCT 260C, ■ , 

- 'BCi; 5 SUB ' ■ " ' 

uCT'' 30Gu 

ftC'I ' 5''S'U8» , ' ^ ' ' 

''' uCT 3200 

'BCI 'S.RAD , ' ^ 

UC'T , 3400 ' . ^ 

BCI ' 5 mo* ' 

’ OC T , 

. aC| ' ' ' ,'5:' ISZ^ .. ' ' ' 

.'■'OtT 4000 '■ : 

. BCI' ' ' ,5 'Isz* 

'O'UCt ' 4200 , 

: ^ SCI"' ' fi 'UMR. ‘ ' ■ 

'UIJOT', ; ''4400 . , 

'■' sci; 'S' jMp* ' ' " ' 

■'! "OCT 4600 > . 




5' ' JMS'* 

S2UC' ' 

5' CAS 
5400' 

5' 'CAS* 



T4i ASSi'WtiR LISTINGS 


»* 


;iCT 
, C I 

®li 

®ii 

^iC T 


I-, i 


, :t 


dCI 


OCT' 
BCI 
UCT 
BC I 


SoUC 
3, '^XCT 
6000 ■ 

5 XCT« 
;6200 • 


rfgistcr set i 


'Bcr 

5 NOP 

OCT 

70 OQ 

BCI 

:? ciA 

OCT 

7001 

S'CI 

'■ ' 5 CLC 

UCT 

7002 

BCI 

5 CAR 

OCT 

7010 

SCI 

5 CAL 

OCT 

7020 

BCI 

5 CTR 

OCT 

7014 

BCI 

5 C'lL 

OCT 

7024 

SCI 

5 CMC 

OCT 

7040 

SCI 

' 5 CMA 

OCT 

7100 

BCI 

5 I AC 

OCT 

IZO'O 

SCI 

5' CIA'' 

OCT 

7B00 

SCI 

5 STC 

OCT 

7042' , ' 

SCI ' 

3-STA', 

'OCT 

w t M 

'' 

K t ri' 

H4;h 

,,:ReG'l ST 

'k'::h 


SCI 

- S'GLA 


7401 

3 :0HS 

7402 
■5 SKP 
7404^ ' 
'"3'' ' SnC 
, 7410 '' 

5, ''SZC', 
'7414' ", 
"5", SZ'A; 
'742 ry 

$ ' SNA 






' ;JCT 




. 'REM 


' I vrf ^ 

■ ' ', ' '' UCT 


aci 
'\.X1 
i\(: i 
'.OCT 
'dCl 
'OCT 
tiCI 
^acT 
mt 
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3" SFA 


75-00 






lOTcRSUPT INSTRUCTIONS 


5 lUF 
SA(''4 
5', ION 

6402 
5 SMK 
6401 

5 SMON 

6403 








INPUT OUTPUT INSTRUCTIONS 


5 KSF 
6414 
5 KCC 

6412 
5 KRS 
6411 
5 KRB 

6413 
5 KSP 
642''> 

5 KCS 
64.22 
'6 RRQ 
6421 

5 KHP 
'.6-'*2 3 
$ TSF 
- 6434 
5 TCF 
, 6432 
5' ,TPC 










..5 ,TtS 
6433 
$';TSP 
6.444 
'5 .'TCP 






S'' TP'S 









TAl ASSfcMBLER 








TAL ASSlWtfg /LISTINGS •»* 


; : , iv/M , ' ^ PSUcDO OP ' CO0E,: 


''‘S'OCT'" 

dC'T" 

S OSA' 
0SA 

5 BSS '■ 

ass ; 

5 OGS 
OGS 
5 0R6 
ORG 
5 EUU 
EQU 
5 BCI 
BCI 
5 REM 
REM 

5 EJECT 
EJCT 


' 

-■tl 
' OSA 
6CI 
DSA 
BCI 
DSA 

aci 

OSA 
' ' BCI 
OSA 
BCI 
OSA 

POENO EQU 
8CI 
OSA 






P'OPT't ,D|A 


P08CN 

POjEND 











TAL Assewstea listings 


# 

CONVERT AN OCTAL WOiRO INTO FOUR' CNANACTLRS 

JMS* *+l 
03 A C0W4C 
' DSA LOC CHARACTER 

03m word ' ' ' 


^^Mj»g|||||||if 

'V'. :' : acs' ■ ' 

C0y'4C . OSS 1 

LA'C . C0W05 
SAC'' caw.os 
ISS CUW4C 
LAC« COWAC 
SUB ONE 
SAC COW 8 
iSZ C0W4C 
LAC«- C0W4C 
SAC C0W07 
LAC* COWii? 
SAC C0W07 
ISZ C0H4C 
COWS! L.'X CaW07 
CTL 
CAL 

SAC C0W07 

', Xnt 

' ' . AND C0W')4 
' ' ' ' hOD ■ ZEfiO' 

S.’iC*' COWS 
, / ISZ'^ C0W06 
JOP C'OWOi 
, ' , JMp* C0W4C 


SET COUNTER 


AORESS OF CHARACTERS 


WORD TQ corn! 
RETURN AORESS 


0007 

*4 


COUNTER 

stores >^0 




TAL ASSEMBLER LISTINGS 




ERROR NUMBER 


LAC ER007 SET COUNTER 

SAC ER008 

LAC ER009 SET ADRESS 

. SAC ER8 

wR’-.'l LAC« ER8 

TSF 

UMP #-l 

TLS 

1S2 ER008 

•JMP EROOl NEXT CHARACTER 

ISZ ERRTN 

JMP* ERRIN 

REM 

H'^OA'S UCT , CARRIAGF RtTUR. 

, SCI ' 6 ERROR 

,FRC;:>6' D^'-C C*t ERROR NUMBcH 

OFC ^ , ■ 00 

■■ DLC' ,0"' : 


CHARACTER TO AC 
PRINT 


CQUNTE 






** TAL ASSgMBLfR' LISTINGS 


;, " •'■‘';>i t4fRANC|: ., JMS« »+l 

' ' ''' '' ' ' OS A RhAO ' ' ' 

^ , ACTIOi^^^ BLANKS LIME^l TO LlHB'^lZ^ « ' ' 

' ■ '. ' ' Llo't FcED SIGNIFIES A NEli LINF 

'' r CAkRIAGE RtTUftH IS TAKtN AS END OF A LIHE' ^ ■ 

»*****IL«.*.'^^ ' ' CARRIAGE RETURN AR£ NOT STORED. 

; ** ♦***»*■»»*•»»»»«*******»*»»»**»*«*#»*»**#,. 

; , , JGS ' 

READ "' ' NO.f* 


KS'F . 


IS PAPER TAPE READY 

jwp 

*-l 

NO 

RRP 


YES READ A CHARACTE 

CAS 

0212 

IS IT A LINE FEED 

JMP 

READ+i 

NO 

JMP 

» + 2 

• yes. LINE FEED 

JMP 

REAO+1 

NO 

LAC 

072M 

COUNTER 

SAC# 

READ9 


H 'M 


RtAD CARD 

LAC 

LI NLA 

'AORESS OF BUFFER 

SAC 

READS 


'RtAD2 KSP 


IS PAPER TAPE READY 

JMP 

»“1 

NO 

KRP 


Y£S read character 

■ , CAS 

0215 

CARR I AG*'- RcTURN 

j:ip 

«+2 

NO 

;' . J’*<P 

READS 

YbS 

.; ’ S.Ai'C'ff 

reads 

; NO 

.' '" !'.jz 

RcAD9 


•jMP ■ , 

Rf:A02 

NiXT character 

R‘::AD;, CIA 


BLANK RfAT OF BUFFER 

' ■ ' .S'AC<^, 

HcAOS 


ISl^' 

Rt-A,09 ' 


\ , ', JMP ■ 

'REA0£ 


■ . isi." 

READ 


' JMPft 

RCAO 



A=;; ' RHM, "s ^ ' ■ „ ' ; ;, , ' 

LIN.,: A DSA ,., tlNIZ , .' ' ' ' ' ! 

'DtZH' ::''Df'C':' ■", r?2 " "'''' ''' 

RtA:D'9''BSS, .',1, , , ' ■ ' ' \ 

LINE' ass. ' , 'fe' ' '. ' 

•ft######*## ##,'# *###♦########*##•*# ft ft# ft ft. ft # ft# ft# # ftftft ft# ft# .;;. ft ft ft. .-^. , » ft J ft, .V. ,« ft .,J 

#;■ ■ : ': ■■:; /' S ;: ■:R"'i?:";8iiiii^^ "'r';- 'fL' :: ^ ''R'^ ■."■;'' ':.-'":'.s^-C:g::lcll'illiii§ii^^ 


■*''* TAL A'SS 6 M 8 L'£R LISTINGS «■* 


»*«■«•«**«*#»»»*»**»»***»».*# #*.*'» *,* 5 * ****■*! 


HcM' " CirfifiONLOCATIONS IN SECTOR ZERO 


*•«»■*■ K *■ 



:OR,G; 

16 ' 


Ct.' I . 

1 * 


BCI ' 

" 1 ' 

i^Mi 

,ec I, '' 

. 1 0 

c %U 

ZcRo:' 

ONSCH 

BCI 

"1 '.I 

sii^® 

SCI 

1 7 ' 

NIN?. 

SCI 

1 '9 

PLUS 

'BCI, 

1 + 

MINUS 

eci 

1 - 

A 

8 CI 

1 A 

U 212 

OCT 

212 

0215 

OCT 

215 

CR 

ECU 

0215 

ONE 

DEC 

1 

ERROR. 

DSA 

ERRIN 

CC 

ess 

1 

iC 

8 SS 

1 

AI 

8 SS 

1 

WORD 

ECU 

AI 

PftSS 

8 SS 

1 

P 2010 

ess 

REM 

1 


■;- V s -i- 
ml I 

• .■; ;■■ ;,•: 


■a- «■ 


LINE FEED 

CARRIAGE RETURN 


AORESS OF ERROR ROUTINE 
CARD COUNT 
LOCATION COUNTER 
ASSENBLHC INSTRUCTION 


0 FOR PASS 1 


i FOR PASS 2 


#■#»♦*### 


RFM 

FIELDS IN INPUT LINE 

####### ### 


IF ' cCU 

LlNE+l 

OF.' ' '...'CU 

.LINt +7 ' 

VP ' ' 'SCU 

L.INc + ii 

' ' .' Rg'M 


' ' ;, .' Hf'M . 

■ ' , ■' , RFM 


' , : , km 

,.,: '' . RcM 



w 

mm 

■ 


,#;# ^ ^ # ,# # 5f. ^ 

## ## ft t # ### # If######### ############### ############## :;; # # # ^ 

# •^'# ############# # #*#################### ## ## # ###»### ## # ## ## # # 
# ^ # ^ -ft ^ ^ ^ ^ j;, .t ,• _ J^l 

#######«#! 

#*«#*## ############### ###^^.* #####§##### ############ 

#'#### .at, Ji.,*. _■■• ■ ..v... v_ > ..^ 


#4###### ##^ ########## #############4-- # # # # i> -SJ. .;•. .^. .Jt ^ 

g. ^ ^ ,.g|. ^ ^ ^ ^ ^ ^ ^ ^ ^ 

# *#♦'##*#'##*# #,##### || I## ###### # ############## ######### ## -ir # # # -.- •/. # # -:.- ■;; # ## # --j 


IkL ASSEMBLER LISTINGS 


it »####################*# «■#««*♦#### 

#,##^**# -i* ####»# •##### ###########«# 

#♦#■«■ ^ « ‘1^ #### fr 

*##*#♦#####-### 


It ♦##■»#*#»*«#♦# »*«§*#»# 


, CfsiO .START 


